The identification of associations between molecular markers and agronomic traits provides an excellent tool for indirect selection of traits of interest in a population. In this study, a stepwise regression analysis was used to estimate associations between inter-simple sequence repeat (ISSR) and random amplified polymorphic DNA (RAPD) markers with some agronomic traits in barley genotypes. Two-year average values for the measured traits under rain-fed and irrigation conditions were used for association analyzes. Thirty-one random RAPD and 20 ISSR primers were used in the study. The results of the stepwise regression analysis revealed significant associations between the traits and some of the studied loci. For all traits more than one informative marker was detected. A total of 88 informative markers, including 32 ISSR loci and 56 RAPD loci, were identified under both tested conditions. OPC4-1050, E17-400, and E19-1100 markers were associated with grain yield, biomass and spike length, respectively, under both tested conditions. These markers are relatively more reliable than other identified markers. Among the RAPD primers, special attention should be drawn to primer E17, which produced the highest number of fragments associated with traits such as biomass, plant height, spike length and number of seeds per spike, under rain-fed conditions. Moreover, the UBC856 ISSR primer revealed loci associated with grain yield, plant height and number of sterile spikelets per spike under irrigated conditions.
Introduction
Barley's (Hordeum vulgare L.) high value in the world's agriculture is confirmed by its high ranking among the most economically important crops: 4 th after wheat, corn and rice (Emam, 2007) . In many parts of the world, drought is one of the main constraints on barley production. Due to the elaborated nature of drought tolerance, compared to other traits with lower complexity, e.g. quality or disease traits, breeding programs to improve drought tolerance could be carried out through selection for yield, which incorporate all the unknown factors important for increasing drought tolerance (Salem Farag, 2004) . Yield is still used by breeders as the first criterion in the search for improvements in drought tolerance; however, it has a low heritability, especially when the plant is grown under drought stress conditions. Thus, an important strategy for improving drought tolerance is the selection for traits associated with drought tolerance (Chowdhry et al., 1999) . The emergence of morphological traits is a function of the plant growth stage. These may be limited in number and are influenced by either environmental factors or the developmental stage of the plant (Stuber et al., 1999) . These shortcomings led to the development of markers based on DNA polymorphisms, later superseded by DNA-based methods generating "fingerprints" which are distinctive patterns of DNA fragments typically subjected to high resolution gel electrophoresis and detected by staining or labeling (Schulman, 2007) . RAPD markers can be defined as DNA polymorphisms produced due to "re-alternatives to the RAPD technique, allowing higher annealing temperatures to be used, which ensures better reproducibility compared to RAPD. Repeat-anchored or non-anchored primers in the polymerase chain reaction (PCR) are used to amplify DNA sequences between two inverted SSRs (Zietkiewicz et al., 1994) .
Finding an association between molecular markers and morphological traits provides an excellent tool for indirect selection of a trait of interest in a population. This has important applications in the study of relations between molecular markers and agronomic traits, some of which include: the collections of germplasms, the detection and analysis of potential in specific genotypes, the identification of desirable alleles and the validation of candidate markers linked to quantitative traits (Gebhardt et al., 2004) . Although the mapping of Quantitative Trait Loci (QTLs) is well suited to the detection of genes associated with particular traits, it is labor-intensive (segregating a population is time-consuming) and costly (Rakshit et al., 2010) . In order to overcome these limitations, a multiple regression analysis may be used, as it offers an appropriate method to identify markers associated with the trait. A multiple regression analysis is a statistical process for estimating the relationships between molecular markers as independent variables and morphological traits as dependent variables. It is a way to determine the coefficient of determination (R 2 ), which gives the proportion of the variance (fluctuation) of the dependent variable that is predictable from the independent variable (Gomez and Gomez, 1984) . A multiple regression analysis does not require a genetic map to be applied, and the method is quick, with multiple unlinked QTLs accounted for, problems with multiple testing reduced, and computer software readily available. However, a major disadvantage of the multiple regression approach to mapping QTLs is the requirement that the independent variable, i.e. the marker genotype, must be available for all records included in the analysis (Henshall and Goddard, 1995) . According to the study by Firoozi et al. (2012) , a multiple regression analysis of ISSR markers with agronomic traits allowed the identification of 43, 33 and 25 informative ISSR markers in irrigation conditions (control), and irrigated in either 2/3 or 1/3 total water requirement conditions, respectively. Sofalian et al. (2008) reported that a Single Marker Analysis revealed that seven markers, constituting 27% of the determined phenotypic variance were linked to frost tolerance and five markers were linked to the heading time in bread wheat.
In this study, multiple regression was used to find the associations between ISSR and RAPD markers and some agronomic traits in barley genotypes.
Materials and methods

Plant materials
Twenty barley genotypes, including two varieties currently grown in Iran (WALFAJR and SARAROOD1) and 18 advanced lines, were used in this study. These were arbitrarily named 1-20 (Table 1 ). The pedigrees of genotypes are presented in Table 1 .
Field trials
In a two-year field experiment carried out during the 2006-2007 and 2007-2008 cropping seasons at the experimental farm of the Agricultural Faculty of Razi University, Kermanshah, Iran (34E21N, 47E9N, 1319 m.a.s.l.) two separate experiments were conducted under irrigation and rain-fed conditions. In the irrigation conditions, the plants were irrigated at three stages during the heading to flowering period, when more than 50% of the soil moisture content was depleted, whilst there was no additional irrigation under the rain-fed conditions. Subsamples of five plants in each plot were randomly selected at the maturity stage to measure the following traits:
C grain yield (GY): grain yields were determined in kg @ ha
by harvesting plants grown in a one square meter area at the center of each plot; C plant height (Phe): length of the main tiller was measured in centimeters from the soil surface to the tip of the main ear at maturity, excluding awns; C spike length (SL): spike length was measured in centimeters; C number of seeds per spike (NSPS): the number of seeds per spike was counted from the heads borne on the main tillers; C number of sterile spikelets per spike (NSSP): the numbers of florets that had no grain at maturity; C biomass (BIO): total dried above ground biomass in each plot was measured in kg @ ha
and thousand 
DNA extraction
Total genomic DNA was isolated according to the protocol described by Murray and Thompson (1980) . Briefly, 0.5 g of leaf tissue per sample were ground in liquid nitrogen and incubated at 60EC for 20 min with 500 μl of extraction buffer (50 mM Tris-HCl, 60 mM NaCl, 25mM EDTA, 20% SDS) and CTAB buffer (CTAB 2%, NaCl 0.7 M) in 1.5 ml polypropylene tubes. The final DNA concentration of each sample was adjusted to 10 ng/μl for the RAPD and ISSR analysis.
RAPD and ISSR amplification
Briefly, PCR amplifications were carried out in a CORBETT research thermal cycler, in a reaction volume of 25 μl containing 20 mM Tris-HCl (pH 8.4), 50 mM KCl, 2 mM MgCl 2 , 0.2 μM primer, 0.1 mM dNTP, 0.5 U of Taq (DNA polymerase) and 30 ng of template DNA. A total of 31 random RAPD and 20 ISSR primers were used in the current study (Table 2) . Amplification reactions for RAPD primers were carried out using the following cycle profile: initial denaturation at 94EC for 4 min followed by 40 cycles at 94EC for 30 s, 30-40EC for 15 s, 72EC for 90 s and a final 5 min extension at 72EC. For ISSR primers, PCR reactions were performed in the following amplification conditions: initial denaturation at 94EC for 4 min followed by 40 cycles at 94EC for 30 s, 50-60EC for 15 s, 72EC for 90 s and a final 5 min extension at 72EC. PCR products were separated electrophoretically in a 1.2% agarose gel in 1X TAE buffer and stained with ethidium bromide. The gel image was recorded using a Gel Documentation System (UVP, UK).
Statistical analysis
Two-year average values for all traits under rain-fed and irrigation conditions were calculated for further analyzes. The agronomic traits and molecular markers were considered as the dependent variables and independent variables, respectively. In order to verify the linear relationship between independent and dependent variables, it was necessary to predict the value of the dependent variable based on the independent variable, remove those variables with negligible effect on the dependent variables and fit the best regression model. A stepwise regression was used. The probability level (P) for rejecting any association between a marker and agronomical trait was 0.01, so it provided informative markers with a high significance level. IBM statistics 19 software was used to perform stepwise regression analyzes.
Results and discussion
Two-year average values for the traits under both tested conditions are presented in Table 3 . The results of stepwise regression analyzes revealed a significant association between the traits and some of the studied loci. A total of 88 informative markers, including 32 ISSR loci and 56 RAPD loci, were identified under both conditions (Table 4) .
Rain-fed conditions
Several loci have been identified, accounting for a large portion of the phenotypic variation for all the traits. The number of markers associated with individual traits ranged from 2 for NSSP (number of sterile spikelets per spike) to 12 for BIO (biomass, kg @ ha
) markers. The associated markers individually explained up to 26.3% for NSSP to 53.9% for Phe (plant height, cm) of the total variation appearent under rain-fed conditions (Table 4) . These associated markers together explained from 44.3% NSSP to 99.7% BIO variations in the phenotypic traits examined under rain-fed conditions. Markers associated with a trait may be closely associated with one another (Wu et al., 2007) .
Some of the markers were found to be associated with more than one trait. U11-750, UBC809-1200, and UBC112-1350 markers explained portions of variations in GY (grain yield, kg @ ha !1 ) and BIO. OPC07-800 and E17-300 markers were common between SL (spike length, cm) and NSPS (the number of seeds per spike). Another informative marker, E16-1300, was found to be effective in Phe and TKW (thousand kernel weight, g). Such associations may be due to the pleiotropic effects of the linked markers on different traits (Meredith and Bridge, 1971; Culp et al., 1979; Basaki et al., 2011) . U11-750 marker has a relatively great role in the variation of GY and BIO; thus, it would be interesting to perform selection of GY and BIO under drought stress.
Irrigation conditions
The results of a stepwise regression analysis revealed significant associations between the traits and some of the studied loci under irrigated conditions (Table 4) . More than one informative marker was identified for all of the studied traits. A significant association with at least one of the 7 traits under irrigated conditions was observed for 32 of the 147 polymorphic markers. The number of markers associated with individual traits ranged from 3 (TKW, NSSP, Phe) to 7. GY, SL, BIO and NSPS regressed on as many as 7 markers (Table 3) . Some markers were found to be responsible for more than one trait; for example, marker E17-1350 showed associations with GY and BIO. The UBC856-1400 marker was the second most powerful marker selected by multiple regression analysis and was significantly associated with GY and Phe. The UBC872-1700 marker was shared between SL and GY.
Stable informative markers across two environments
There was a low association for the expression of the informative markers between the two tested environmental conditions. As Quarrie et al. (2005) stated, this may be a result of the preferential expression of QTL under drought stress conditions. However using multiple regressions, OPC4-1050 (GY), E17-400 (BIO), and E19-1100 (SL) markers were found to be associated with individual traits under both conditions; they were more stable and consistent across the two environments. These markers were, therefore, considered to be relatively more reliable (Table 4) . Hopefully, some of these informative markers can be separated by gel electrophoresis and considered candidate markers for scanning the genome for related agronomical traits, mapping and finally breeding programs. Also, SCAR (sequence characterized amplified regions) markers can be obtained from sequenced informative marker fragments for use in marker assisted selection (MAS) (Ruan et al., 2009) .
Among the RAPD primers, special attention should be drawn to primer E17, which had the highest number of fragments associated with BIO, Phe, SL, NSPS and TKW traits under rain-fed conditions. Moreover, ISSR primer UBC856 revealed loci associated with GY, Phe and NSSP traits under irrigated conditions. Pasqualone et al. (2000) found that the UBC-856 primer is one of the most polymorphic ISSR primers to study genetic diversity in durum wheat.
Conclusions
Informative fragments could be successfully cloned and sequenced and used as polymorphic diagnostic tools. It is to be hoped that some of these markers will be used for MAS in future barley breeding programs. In a breeding program, crossings between more genetically dis- tant individuals will increase the chance of transgressive segregation in their progeny. Therefore, these markers could be used to choose parents for the development of mapping populations. RAPD primer E17 and ISSR primer UBC856 had the highest number of fragments associated with the traits under rain-fed and irrigated conditions, respectively. These primers have been found to be useful for the study of genetic diversity and for association analyzes in barley. Stable and consistent markers identified across the two environments can be separated by gel electrophoresis and considered candidate markers for scanning the genome for related agronomical traits.
